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或 165μg/mL 的麦芽汁固体培养基上分离抗双乙酰的菌株。筛选得到 4株发酵特
性较优良的菌株JWN1-3、JWN1-4、JWN1-6和JWN1-7。其中突变株JWN1-6以11°Bx




株 XB05 分离的 SM 抗性突变菌株中，筛选得到一株较优良的菌株 JMW120-6。 
用热灭活的菌株JMW120-6原生质体为供体和NW7-45原生质体为受体进行融
合构建新菌株，经筛选得到 3 株较优良的菌株 R9-1、R3-4 和 R9-23。用紫外线
灭活的菌株 JW1-1 原生质体和热灭活的菌株 NW7-45 原生质体为亲本进行融合构
建新菌株，经筛选得到 2 株发酵特性较优良的菌株 DR9-2 和 DR9-24。其中菌株
DR9-2 以 11°Bx 麦芽汁为培养基，用 500L 罐在 12℃下发酵 11d，发酵度为 69.5
％, 发酵液中的双乙酰、乙醛、总高级醇和总酯的含量分别为 0.0124mg/L、
7.70mg/L、59.01mg/L 和 25.29mg/L，发酵得到的啤酒略带酯香味，口感较独特。 




















The brewer’s yeast strain is the base and key of the beer brewage production, so 
there is important sense to screen excellent beer yeast strains. The major methods for 
the improvement of beer yeast are mutation breeding, hybridization, protoplast fusion 
and genetic engineering. In the study, physical and chemical mutagenesis, protoplast 
fusion technique were used to screen fine brewer’s yeast strain. 
Saccharomyces cerevisiae XB05 was mutated by semiconductor laser and 
nitrous acid, respectively. The mono-colonies growing on wort plate agar containing 
diacetyl 135μg/mL were isolated. Six fine strains JW1-1, JW1-2, JW1-3, NW7-41, 
NW7-42 and NW7-45 were obtained after selection. The results of tests carried out in 
the 500L and 120t fermentation tanks indicated that the mutant JW1-3 was of strong 
ability of diacetyl removal. The contents of diacetyl and total higher alcohols in the 
fermented liquid were relatively low and these characteristics were stable. The 
sensory evaluation of the beer produced by the mutant JW1-3 was very nice.  
The strain JW1-3-18 was mutated by nitrous acid. The mono-colonies growing 
on wort plate agar containing diacetyl 150μg/mL or 165μg/mL were isolated. Four 
fine strains JWN1-3, JWN1-4, JWN1-6 and JWN1-7 were obtained after selection. 
Under the conditions of 500L fermentor with 400L 11°Bx wort at 12℃ for 10 days, 
the fermented degree of mutant JWN1-6 was 69.8％ , the content of diacetyl, 
acetaldehyde，total higher alcohols and total esters in the fermented liquid were 
0.0254mg/L, 3.03mg/L ,76.82mg/L and 12.98 mg/L, respectively. The sensory 
evaluation of the beer produced by the mutant JWN1-6 was harmony. 
Anti-sulfulmeturon-methy mutants which were induced by semiconductor laser 
or spontaneous mutation were isolated. The relatively fine strain JMW120-6 was 
obtained after screening. 
The protoplast fusants were constructed with the protoplast of NW7-45 and 
heat-inactivated JMW120-6. Three fine strains R9-1、R3-4 and R9-23 were obtained 















UV-inactivated JW1-1 and heat-inactivated NW7-45. Two fine strains DR9-2 and 
DR9-24 were obtained after selection. Under the conditions of 500L fermentor with 
400L 11°Bx wort at 12℃ for 11 days, the fermented degree of strain DR9-2 was 69.5
％, the content of diacetyl, acetaldehyde，total higher alcohols and total esters in the 
fermented liquid were 0.0124mg/L, 7.70mg/L, 59.01mg/L and 25.29 mg/L, 
respectively. The sensory evaluation of the beer produced by the strains DR9-2 was 
relatively harmony. 
 The cell volume, biomass and content of strains R9-1、R3-4、R9-23、DR9-2 and 
R9-24 were measured in comparison with their parental strains and the results 
suggested that strains R9-1、R3-4、R9-23、DR9-2 and R9-24  were fusants.      






























第一章  前言 
 
1 啤酒的营养作用及风味类型    
啤酒是以大麦麦芽、大米、啤酒花等为主要原料，经啤酒酵母和酿造水酿制
而成的一种含 CO2 的低浓度酒精饮料，是酒类中酒精含量 低的饮料酒。啤酒
性平和、味甘，具有清爽的苦味，有帮助消化、促进循环，滋补身体的功效。啤
酒中富含各种维生素、蛋白质、氨基酸、碳水化合物及矿物质等营养成分。每升
啤酒中一般含有 20～50g 糖类，3.5g 蛋白质的水解产物――肽和氨基酸（包括
人的 8 种必需氨基酸）。啤酒中碳水化合物和蛋白质的比例约在 15：1， 符合
人类的营养平衡，易于为人体吸收利用。每升啤酒中还有 50g 左右的 CO2，可以
协助人体胃肠运动。每升啤酒约有 35g 乙醇，没有任何脂肪。另外，每升啤酒中































需要，在青岛建立了第一家现代意义上的啤酒厂， 初名为 Ying De 啤酒厂，
也就是青岛啤酒厂的前身[6]。近年来，随着我国人民生活水平的提高，啤酒行业
在我国得到了快速发展，产量逐年大幅度提高，2003 年我国啤酒产量已达到














































                   图 1 啤酒发酵工艺流程图 




























生和还原如图 2 所示[16]。 
 
 
图 2 缬氨酸合成与双乙酰形成的生化途径 























































力低的酵母是控制啤酒中双乙酰含量的一条重要途径。Faloo S C 等[19]研究表明
酵母菌的AHAS是Sukmetum methyl (SM)的进攻位点，SM的抗性突变基因（SMR
Ｉ）是编码 AHAS 基因（ILV2）的等位基因，突变基因也许可以生产活力低的
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